Study of topotactic conversion from layered silicates to zeolites by high-temperature powder XRD
Takuji Ikeda, Fujio Mizukami National Institute of Advanced Industrial Science and Technology, AIST Tohoku, Research Center for Compact Chemical Process, Nigatake 4-2-1, Sendai, Miyagi, Japan, Recently, new synthetic root of zeolites from layered silicates as a topotactic precursor has been interested. In the topotactic conversion method, adjacent layered frameworks are bridged by dehydrationcondensation, yielding one-or two-dimensional micropores in the interlayer. Several new siliceous zeolite were reported so far, i.e. CDS-1(CDO), Nu-6(2)(NSI), RUB-24(RWR) and RUB-41(RRO) from layered silicate PLS-1, Nu-6(1), RUB-18 and RUB-39, respectively. In the dehydration-condensation, basal spacings of layered silicates are shrunk dramatically and the heating conditions are important factor for obtaining highly crystalline zeolite. However, detailed structural changes from these layered silicates to zeolites have not been investigated. In this work, we investigate structural changes of various layered precursors into zeolites by a time-resolve high-temperature (TRHT) powder XRD diffraction technique. TRHT-PXRD data were collected on the Bruker D8-ADVANCE Vario-1 with MRS furnace attachment (modified Debye-Scherrer geometry using a quartz capillary tube). In case of layered silicate PLS-1, basal spacing was gradually elongated with increasing temperature up to 623 K. Then, PLS-1 was quickly changed to CDS-1 at ca. 653 K. From Rietveld refinements of intensity data at all measurement temperature, adjacent layered frameworks were shifted parallel to layer plane and terminal silanol groups (Si-OH) were closed between adjacent layers. This finding is well agreement with the structural predictions by the molecular dynamics simulation. In case of layered silicate PREFER, structural change was gradually occurred from 543 to 843 K. Consequently, the highly crystalline FER-type zeolite was formed under sufficient airflow conditions through the capillary specimen. Microporous and nanostructured actinide compounds are of great interest due to their formation during alteration of spent nuclear fuel and their potential applications in nuclear industry and radiochemistry. Here we report on syntheses and structures of four new unusually highly porous uranyl compounds. Two of them is sulfate and selenate templated by the 18-crown-6-ether complexes of the H3O + hydronium ions and having this chemical compositions - (H3O) uranyl selenate nanotubules extending along the a axis and forming a tetragonal rod-packing as they are separated by columns of disordered [(H3O)@(18-crown-6)] complexes. The external diameter of the tubule is 1.7 nm. Crown-ether complexes are templated in intertube space pseudo channels with dimension 13 * 13 angstrem. Structures of 3 and 4 based on [(UO2)2(MoO4)5(H2O)] chains these chains have width close to 2.7 nm. Maximum internal space of channels has ellipsoid form and maximum dimension ~ 7*13 angstrem. In to these channels are water molecules, one part of them strongly coordinated on lantanides cations, another is disordered (zeolite-like water) in the center of these channels.
